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@  An  electroless  copper  plating  solution  comprising  cupric 
ions,  complexing  agents,  a  reducing  agent,  a  pH  adjustor,  a 
polyoxyethylene  series  surface  active  agent,  these  being  con- 
ventionally  used,  and  (i)  an  inorganic  compound  containing  at 
least  Si  or  Ge,  or  (ii)  a  cationic  surface  active  agent,  or  (iii)  an 
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cationic  surface  active  agent,  can  give  plated  films  with  excel- 
lent  mechanical  properties  even  if  operated  for  a  long  period 
of  time  with  excellent  stability  of  the  plating  solution. 
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T h i s   i n v e n t i o n   r e l a t e s   to   an  e l e c t r o l e s s   c o p p e r  

p l a t i n g   s o l u t i o n ,   and  p a r t i c u l a r l y   to   an  e l e c t r o l e s s  

c o p p e r   p l a t i n g   s o l u t i o n   w h i c h   can   g i v e   an  e l e c t r o l e s s  

p l a t e d   c o p p e r   f i l m   w i t h   h i g h   s t r e n g t h .  

In  o r d e r   to   g i v e   e l e c t r o l e s s   p l a t e d   c o p p e r  

f i l m s   w i t h   h i g h   s t r e n g t h ,   t h e r e   i s   p r o p o s e d   an  e l e c t r o l e s s  

c o p p e r   p l a t i n g   s o l u t i o n   c o m p r i s i n g   c o p p e r ( I I )   i o n s ,  

a  r e d u c i n g   a g e n t   f o r   c o p p e r ( I I )   i o n s ,   a  c o m p l e x i n g   a g e n t  

f o r   c o p p e r ( I I )   i o n s ,   a  pH  a d j u s t o r ,   a , a ' - d i p y r i d y l ,   p o l y -  

e t h y l e n e   g l y c o l ,   and  an  a l k a l i - s o l u b l e   i n o r g a n i c   s i l i c o n  

c o m p o u n d   ( J a p a n e s e   P a t e n t   A p p l n   K o k a i   ( L a i d - O p e n )  

No.  1 9 4 3 0 / 7 9 ) .  

But   t h i s   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n  

u s e s   p o l y e t h y l e n e   g l y c o l   as   s u r f a c e   a c t i v e   a g e n t   a n d  

c o n t a i n s   t h e   a l k a l i - s o l u b l e   i n o r g a n i c   s i l i c o n   c o m p o u n d  

in  an  a m o u n t   of  as  low  as  5  to   100  m g / i   in  t e r m s   of  S i 0 2  

( 0 . 0 8   to   1 . 7   m m o l e / i   in  t e r m s   of  Si  a t o m ) ,   so  t h a t   t h e  

r e s u l t i n g   e l e c t r o l e s s   p l a t e d   c o p p e r   f i l m   i s   i m p r o v e d   i n  

t e n s i l e   s t r e n g t h   and  e l o n g a t i o n   b u t   t h e   s t a b i l i t y   of  t h e  

p l a t i n g   s o l u t i o n   i s   n o t   g o o d   and   t h e r e   t a k e s   p l a c e  

a b n o r m a l   d e p o s i t i o n   (a  p h e n o m e n o n   of  d e p o s i t i n g   c o p p e r   o n  

o u t s i d e   of  d e s i r e d   p o r t i o n s )   when  t h e   p l a t i n g   s o l u t i o n  

i s   u s e d   c o n t i n u o u s l y   f o r   a  l i t t l e   p r o l o n g e d   t i m e .  



SUMMARY  OF  THE  INVENTION 

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e  

an  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   e x c e l l e n t   i n  

s o l u t i o n   s t a b i l i t y   and   c a p a b l e   of  f o r m i n g   e l e c t r o l e s s  

p l a t e d   c o p p e r   f i l m s   w i t h   h i g h   m e c h a n i c a l   p r o p e r t i e s .  

T h i s   i n v e n t i o n   p r o v i d e s   an  e l e c t r o l e s s   c o p p e r  

p l a t i n g   s o l u t i o n   c o m p r i s i n g  

(a)  c o p p e r   i o n s ,  

(b)  a  c o p p e r ( I I )   i o n   c o m p l e x i n g   a g e n t ,  

(c)  a  r e d u c i n g   a g e n t ,  

(d)  a  pH  a d j u s t o r ,  

(e)  a  p o l y o x y e t h y l e n e   s e r i e s   s u r f a c e   a c t i v e   a g e n t ,  

(f)  a  c o p p e r ( I )   i o n   c o m p l e x i n g   a g e n t ,   a n d  

( g ) ( i )   an  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n   or   g e r m a n i u m ,   o r  

( i i )   a  c a t i o n i c   s u r f a c e   a c t i v e   a g e n t ,   o r  

( i i i )   an  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n ,   g e r m a n i u m   or   v a n a d i u m   and   a  c a t i o n i c   s u r f a c e  

a c t i v e   a g e n t .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  a t t a c h e d   d r a w i n g   i s   a  g r a p h   s h o w i n g   c h a n g e s  

of  c l o u d   p o i n t s   of  a  p l a t i n g   s o l u t i o n   c o n t a i n i n g   a  

p o l y o x y e t h y l e n e   s e r i e s   n o n i o n i c   s u r f a c e   a c t i v e   a g e n t  

when  v a r i o u s   i o n i c   s u r f a c e   a c t i v e   a g e n t s   a r e   a d d e d  

t h e r e t o .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  c o m p o n e n t s   (a)  to   (f)   a r e   t h e   same  as  t h o s e  

u s e d   in  c o n v e n t i o n a l   e l e c t r o l e s s   c o p p e r   d e p o s i t i o n  

s o l u t i o n s   and  c o m p r i s e   t h e   f o l l o w i n g   c o m p o u n d s .  

The  c o p p e r   i o n s   ( c u p r i c   i o n s )   can   be  s u p p l i e d  

by  o r g a n i c   and  i n o r g a n i c   c u p r i c   s a l t s   a l o n e   or  as  a  

m i x t u r e   t h e r e o f ,   f o r   e x a m p l e ,   C u S O 4 · 5 H 2 O ,   c u p r i c   n i t r a t e ,  

c u p r i c   c h l o r i d e ,   c u p r i c   a c e t a t e ,   e t c .   The  c o n c e n t r a t i o n  

of  c o p p e r ( I I )   i o n s   in  t h e   p l a t i n g   s o l u t i o n   i s   u s u a l l y  

5  to   50  g / l .  

As  t h e   c o p p e r ( I I )   i on   c o m p l e x i n g   a g e n t ,   t h e r e  

can   be  u s e d   e t h y l e n e d i a m i n e t e t r a a c e t i c   a c i d   ( E D T A ) ,  

s o d i u m   s a l t s   ( m o n o - ,   d i - ,   t r i -   and  t e t r a s o d i u m   s a l t s )   o f  

EDTA,  R o c h e l l e   s a l t s ,   h y d r o x y e t h y l e t h y l e n e d i a m i n e t r i -  

a c e t i c   a c i d   (HEDTA),  d i e t h y l e n e t r i a m i n e p e n t a a c e t i c   a c i d  

(DTPA),   i m i n o d i a c e t i c   a c i d   ( IDA) ,   n i t r i l o t r i a c e t i c   a c i d  

(NTA),  a l k a l i   m e t a l   s a l t s   ( e . g .   s o d i u m ,   p o t a s s i u m ,  

l i t h i u m   s a l t s )   of  t h e s e   a c i d s ,   a l o n e   or  as  a  m i x t u r e  

t h e r e o f .   When  EDTA.2Na  i s   u s e d ,   i t   i s   u s u a l l y   u s e d   i n  

an  a m o u n t   of  15  to   200  g / l .   When  o t h e r   c o p p e r ( I I )   i o n  

c o m p l e x i n g   a g e n t s   a r e   u s e d ,   t h e y   a r e   u s e d   in   a  s t o i c h i o -  

m e t r i c a l l y   e q u a l   a m o u n t   to   t h e   a m o u n t   of  E D T A . 2 N a .  

As  t h e   r e d u c i n g   a g e n t   f o r   c o p p e r ( I I )   i o n s ,  

t h e r e   can   be  u s e d   f o r m a l d e h y d e ,   p a r a f o r m a l d e h y d e ,  

b o r o h y d r i d e s ,   e . g . ,   s o d i u m   b o r o h y d r i d e ,   p o t a s s i u m   b o r o -  

h y d r i d e ,   h y d r a z i n e ,   e t c .   When  f o r m a l d e h y d e   i s   u s e d ,  

t h e r e   can   p r e f e r a b l y   be  u s e d   2  to   10  m l / i   in   t h e   fo rm  o f  

37%  f o r m a l i n e   s o l u t i o n .   When  o t h e r   r e d u c i n g   a g e n t s  



a r e   u s e d ,   t h e y   a r e   u s e d   in  a  s t o i c h i o m e t r i c a l l y   e q u a l  

a m o u n t   t o   t h e   a m o u n t   of  f o r m a l d e h y d e .  

As  t h e   pH  a d j u s t o r ,   t h e r e   can   be  u s e d   a l k a l i  

m e t a l   h y d r o x i d e s   s u c h   as   s o d i u m   h y d r o x i d e ,   p o t a s s i u m  

h y d r o x i d e ,   e t c . ,   a l o n e   or  as  a  m i x t u r e   t h e r e o f .   The  pH 

a d j u s t o r   can   be  u s e d   in  an  a m o u n t   s u f f i c i e n t   to   make  t h e  

pH  of  p l a t i n g   s o l u t i o n   11  to   1 3 . 5 .  

The  p o l y o x y e t h y l e n e   s e r i e s   s u r f a c e   a c t i v e   a g e n t  

i n c l u d e s   in   t h i s   i n v e n t i o n   a m i n e   s e r i e s   p o l y o x y e t h y l e n e  

s u r f a c e   a c t i v e   a g e n t s   ( t h e   t e r m   " a m i n e   s e r i e s "   m e a n s  

"a  s e c o n d a r y   a m i n e   a n d / o r   t e r t i a r y   a m i n e   c o n t a i n i n g " )  

as  w e l l   as   a l k y l   e s t e r ,   a l k y l   e t h e r   and   a c e t y l e n e - b o n d -  

c o n t a i n i n g   p o l y o x y e t h y l e n e   s u r f a c e   a c t i v e   a g e n t s .  

E x a m p l e s   of  t h e   p o l y o x y e t h y l e n e   s e r i e s   s u r f a c e   a c t i v e  

a g e n t s   a r e   as  f o l l o w s :  

Amine   S e r i e s   P o l y o x y e t h y l e n e   S u r f a c e   A c t i v e   A g e n t s :  

w h e r e i n   R1  i s   an  a l k y l   g r o u p   p r e f e r a b l y   h a v i n g   8  to   1 8  

c a r b o n   a t o m s ;   R2  and   R3  a r e   i n d e p e n d e n t l y   a  h y d r o g e n   a t o m ,  

a  g r o u p   of   t h e   f o r m u l a :   t C H 2 C H 2 0 ) n - H ,   in   w h i c h   n  i s  

p r e f e r a b l y   5  to   150 ,   a  g r o u p   of  t h e   f o r m u l a :  



in  w h i c h   m  and  n  a r e   i n d e p e n d e n t -  

ly  p r e f e r a b l y   5  to   1 5 0 .  

Among  t h e m ,   p r e f e r r e d   o n e s   a r e   p o l y e t h y l e n e  

g l y c o l   s t e a r y l a m i n e   ( n  =   15,  2 0 ) ,   a n d  

A l k y l a m i n e   S e r i e s   P o l y o x y e t h y l e n e   S u r f a c e   A c t i v e   A g e n t s :  

w h e r e i n   R  i s   an  a l k y l   g r o u p   p r e f e r a b l y   h a v i n g   8  to   1 8  

c a r b o n   a t o m s ;  l   m  and  n  a r e   i n d e p e n d e n t l y   p r e f e r a b l y   5 

t o   1 5 0 .  

A l k y l   E s t e r   S e r i e s   P o l y o x y e t h y l e n e   S u r f a c e   A c t i v e   A g e n t s :  

w h e r e i n   R  i s   an  a l k y l   g r o u p   p r e f e r a b l y   h a v i n g   8  to   18  

c a r b o n  a t o m s ;   n  i s   p r e f e r a b l y   5  to   1 5 0 .  



A l k y l   A r y l   E t h e r   S e r i e s   P o l y o x y e t h y l e n e   S u r f a c e   A c t i v e  

A g e n t s :  

w h e r e i n   R  i s   an  a l k y l   g r o u p   p r e f e r a b l y   h a v i n g   8  to   1 8  

c a r b o n   a t o m s ;   n  i s   p r e f e r a b l y   5  t o   1 5 0 .  

A c e t y l e n e - b o n d - c o n t a i n i n g   P o l y o x y e t h y l e n e   S u r f a c e   A c t i v e  

A g e n t s :  

w h e r e i n   m  and  n  a r e   i n d e p e n d e n t l y   p r e f e r a b l y   5  t o   1 5 0 .  

T h e s e   p o l y o x y e t h y l e n e   s e r i e s   s u r f a c e   a c t i v e  

a g e n t s   can   be  u s e d   a l o n e   or   as   a  m i x t u r e   t h e r e o f .  

When  t h e s e   s u r f a c e   a c t i v e   a g e n t s   a r e   u s e d   i n  

c o m b i n a t i o n   w i t h   t h e   c o m p o n e n t   ( g ) ( i )   t h e   i n o r g a n i c  

c o m p o u n d   c o n t a i n i n g   a t   l e a s t   s i l i c o n   or  g e r m a n i u m ,   t h e r e  

can   be  p r e f e r a b l y   u s e d   a m i n e   s e r i e s   p o l y o x y e t h y l e n e  

s u r f a c e   a c t i v e   a g e n t s   r e p r e s e n t e d   by  t h e   f o r m u l a e   (1)  t o  

(3)  a l o n e   or  as   a  m i x t u r e   t h e r e o f   or  in  c o m b i n a t i o n   w i t h  

one  or  more   o t h e r   p o l y o x y e t h y l e n e   s u r f a c e   a c t i v e   a g e n t s  

r e p r e s e n t e d   by  t h e   f o r m u l a e   (4)  to   ( 6 ) .  



The  s u r f a c e   a c t i v e   a g e n t   i s   u s u a l l y   u s e d   i n  

an  a m o u n t   of  0 . 0 1   to   2  m m o l e / l ,   p r e f e r a b l y   0 .1   to   1  m m o l e / k .  

As  t h e   c o p p e r ( I )   i on   c o m p l e x i n g   a g e n t ,   t h e r e  

can   be  u s e d   a , a ' - d i p y r i d y l   and  d e r i v a t i v e s   t h e r e o f ,   o -  

p h e n a n t h r o l i n e   and   d e r i v a t i v e s   t h e r e o f   ( e . g . ,   n e o c u p r o i n e ) ,  

c u p r o i n e ,   b a t h o c u p r o i n e ,   c o m p o u n d s   c o n t a i n i n g   -CN  g r o u p  

s u c h   as  c y a n i d e s   ( e . g . ,   NaCN,  KCN,  NiCN,   C o ( C N ) 2 ,  

N a 4 [ F e ( C N ) 6 ] ,   K 4 [ F e ( C N ) 6 ] ,   N a 3 [ F e ( C N ) 6 ] ,   K 3 [ F e ( C N ) 6 ] ) ,  

a l o n e   or  as  a  m i x t u r e   t h e r e o f .   The  c o p p e r ( I )   i o n  

c o m p l e x i n g   a g e n t   can   be  u s e d   in  an  a m o u n t   of  0 . 0 0 1   t o  

1  m m o l e / i   u s u a l l y ,   and   p r e f e r a b l y   0 . 0 0 5   t o   0 .7   m m o l e / l .  

As  t h e   c o m p o n e n t   ( g ) ,   t h e r e   a r e   t h r e e   c a s e s   ( i )  

t h r o u g h   ( i i i )   d e p e n d i n g   on  p u r p o s e s .  

The  c a s e   ( i )   i s   t h e   u se   of  an  i n o r g a n i c   c o m p o u n d  

c o n t a i n i n g   a t   l e a s t   s i l i c o n   or  g e r m a n i u m .  

E x a m p l e s   of  t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n i n g  

a t   l e a s t   s i l i c o n   or  g e r m a n i u m   i s   s i l i c o n ,   o r t h o s i l i c a t e s  

s u c h   as   a l k a l i   m e t a l   o r t h o s i l i c a t e s   ( e . g .   s o d i u m  

o r t h o s i l i c a t e ) ,   m e t a s i l i c a t e s   s u c h   as   a l k a l i   m e t a l   m e t a -  

s i l i c a t e s   ( e . g .   s o d i u m  m e t a s i l i c a t e ) ,   s i l i c o n   h y d r i d e ,  

e t c . ,   g e r m a n i u m ,   g e r m a n i u m   o x i d e ,   g e r m a n i u m   h y d r i d e ,   e t c .  

T h e s e   c o m p o u n d s   can   be  u s e d   a l o n e   or  as   a  m i x t u r e   t h e r e o f .  

The  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n   or  g e r m a n i u m   can   be  u s e d   in  an  a m o u n t   of  2  m m o l e / Z  

or  m o r e ,   p r e f e r a b l y   2  t o   100  m m o l e / l ,   more   p r e f e r a b l y  

3  to   30  m m o l e / l ,   in  t e r m s   of  s i l i c o n   or   g e r m a n i u m   a t o m .  

When  t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n   or  g e r m a n i u m   i s   u s e d ,   t h e   e l e c t r o l e s s   c o p p e r  



p l a t i n g   s o l u t i o n   n o t   o n l y   i s   r e m a r k a b l y   i m p r o v e d   i n  

s t a b i l i t y   w i t h o u t   c a u s i n g   a b n o r m a l   d e p o s i t i o n   e v e n   i f  

u s e d   c o n t i n u o u s l y   f o r   a  l o n g   p e r i o d   of  t i m e   b u t   a l s o   c a n  

fo rm  a  p l a t e d   c o p p e r   f i l m   e x c e l l e n t   in  m e c h a n i c a l   p r o -  

p e r t i e s   s u c h   as  t e n s i l e   s t r e n g t h   and  e l o n g a t i o n .  

The  c a s e   ( i i )   i s   t h e   u s e   of  a  c a t i o n i c   s u r f a c e  

a c t i v e   a g e n t .   T h e r e   c an   a l s o   be  o b t a i n e d   e x c e l l e n t  

s t a b i l i t y   of  t h e   p l a t i n g   s o l u t i o n   even   i f   u s e d   f o r   a  l o n g  

p e r i o d   of  t i m e .  

E x a m p l e s   of  t h e   c a t i o n i c   s u r f a c e   a c t i v e   a g e n t  

a r e   q u a t e r n a r y   ammonium  s a l t s ,   p y r i d i n i u m   s a l t s ,   e t c .  

Among  q u a t e r n a r y   ammonium  s a l t s ,   t e t r a a l k y l a m m o n i u m   s a l t s  

and   t r i a l k y l b e n z y l a m m o n i u m   s a l t s   a r e   p r e f e r a b l e .   E x a m p l e s  

of  t e t r a a l k y l a m m o n i u m   s a l t s   a r e   h e x a d e c y l t r i m e t h y l a m m o n i u m  

s a l t s ,   l a u n y l t r i m e t h y l a m m o n i u m   s a l t ,   e t c .   E x a m p l e s   o f  

t r i a l k y l b e n z y l a m m o n i u m   s a l t s   a r e   s t e a r y l d i m e t h y l b e n z y l -  

ammonium  s a l t ,   e t c .   E x a m p l e s   of  p y r i d i n i u m   s a l t s   a r e  

d o d e c y l p y r i d i n i u m   s a l t ,   e t c .   T h e s e   c a t i o n i c   s u r f a c e  

a c t i v e   a g e n t s  c a n   be  u s e d   a l o n e   or  as  a  m i x t u r e   t h e r e o f .  

The  c a t i o n i c   s u r f a c e   a c t i v e   a g e n t   can   b e  

u s e d   in  an  a m o u n t   of  p r e f e r a b l y   0 . 0 2   to   2  m m o l e / t ,   m o r e  

p r e f e r a b l y   0 .1   to   1  m m o l e / 1 .  

In  c o n t r a s t ,   a n i o n i c   s u r f a c e   a c t i v e   a g e n t s   a n d  

a m p h o t e r i c   s u r f a c e   a c t i v e   a g e n t s   do  n o t   g i v e   a  g o o d  

e f f e c t   on  t h e   s t a b i l i t y   of  p l a t i n g   s o l u t i o n   as  shown  i n  

t h e   a t t a c h e d   d r a w i n g .  

The  c a s e   ( i i i )   i s   t h e   u s e   of  an  i n o r g a n i c  

c o m p o u n d   c o n t a i n i n g   a t   l e a s t   s i l i c o n ,   g e r m a n i u m   o r  



v a n a d i u m   and  a  c a t i o n i c   s u r f a c e   a c t i v e   a g e n t .   As  t h e  

i n o r g a n i c   c o m p o u n d s   c o n t a i n i n g   a t   l e a s t   s i l i c o n   o r  

g e r m a n i u m ,   t h e r e   can   be  u s e d   t h o s e   d e s c r i b e d   in   t h e   c a s e   ( i )  

a b o v e .   E x a m p l e s   of  t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t  

l e a s t   v a n a d i u m   a r e   v a n a d i u m ,   v a n a d i u m   o x i d e ,   o r t h o v a n a d a t e s  

s u c h   as   s o d i u m   o r t h o v a n a d a t e ,   m e t a v a n a d a t e s   s u c h   a s  

s o d i u m   m e t a v a n a d a t e .   T h e s e   i n o r g a n i c   c o m p o u n d s   c o n t a i n i n g  

a t   l e a s t   s i l i c o n ,   g e r m a n i u m   or   v a n a d i u m   can   be  u s e d   a l o n e  

or  as  a  m i x t u r e   t h e r e o f .  

The  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n ,   g e r m a n i u m   or   v a n a d i u m   can   be  u s e d   in  an  a m o u n t  

of  p r e f e r a b l y   2  to   100  m m o l e / i ,   more   p r e f e r a b l y   3  t o  

30  m m o l e / Z   in   t e r m s   of  S i ,   Ge  or  V  a t o m .  

As  t h e   c a t i o n i c   s u r f a c e   a c t i v e   a g e n t ,   t h e r e  

can   be  u s e d   t h o s e   d e s c r i b e d   in   t h e   c a s e   ( i i )   m e n t i o n e d  

a b o v e   in   an  a m o u n t   of  p r e f e r a b l y   0 . 0 2   to   2  m m o l e / l ,  

more   p r e f e r a b l y   0 .1   to   1  m m o l e / l .  

By  t h e   c o u s e   of  t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n -  

i ng   a t   l e a s t   s i l i c o n ,   g e r m a n i u m   or   v a n a d i u m   and   t h e  

c a t i o n i c   s u r f a c e  a c t i v e   a g e n t ,   t h e   s t a b i l i t y   of  t h e   p l a t i n g  

s o l u t i o n   can   be  i m p r o v e d   more   e f f e c t i v e l y   t h a n   t h e  

c a s e   ( i ) .  

T h i s   i n v e n t i o n   i s   i l l u s t r a t e d   by  way  of  t h e  

f o l l o w i n g   E x a m p l e s .  

E x a m p l e   1 

E l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n s   as  s h o w n  

in  T a b l e   1,  Nos .   1  to   10  (pH  1 2 . 3 ) ,   w e r e   p r e p a r e d   a n d  



p l a t i n g   was  c o n d u c t e d   a t   70°C  on  s t a i n l e s s   s t e e l   p l a t e s .  

The  p l a t i n g   l o a d   f a c t o r   was  made  c o n s t a n t   a t   1  d m 2 / l .  

Each   s t a i n l e s s   s t e e l   p l a t e   had  b e e n   s u b j e c t e d  

to   i n s t a n t   p y r o p h o s p h o r i c   a c i d   e l e c t r o p l a t i n g   of  c o p p e r  

to   fo rm  p l a t i n g   n u c l e u s ,   f o l l o w e d   by  e l e c t r o l e s s   c o p p e r  

d e p o s i t i o n .  

W i t h   t h e   p r o g r e s s   of  p l a t i n g   f o r   a  l o n g   p e r i o d  

of  t i m e ,   s i n c e   c o p p e r ( I I )   i o n s   and   o t h e r   c o m p o n e n t s   w e r e  

c o n s u m e d   by  t h e   p l a t i n g   r e a c t i o n ,   c o n c e n t r a t i o n s   o f  

i n d i v i d u a l   c o m p o n e n t s   w e r e   d e t e c t e d   a u t o m a t i c a l l y   a n d  

s h o r t a g e   of  i n d i v i d u a l   c o m p o n e n t s   was  s u p p l e m e n t e d  

a u t o m a t i c a l l y .  

The  e l e c t r o l e s s   p l a t i n g   was  c o n d u c t e d   w h i l e  

m a i n t a i n i n g   t h e   c o n c e n t r a t i o n s   of  i n d i v i d u a l   c o m p o n e n t s  

a l w a y s   c o n s t a n t   as  m e n t i o n e d   a b o v e   u n t i l   t h e   t h i c k n e s s   o f  

d e p o s i t e d   m e t a l l i c   c o p p e r   b e c o m e s   a b o u t   50  um.  T h e n ,  

t h e   p l a t e d   f i l m   was  p e e l e d   o f f   f r o m   t h e   s t a i n l e s s   s t e e l  

p l a t e   and  s u b j e c t e d   to   t h e   c o n v e n t i o n a l   t e n s i l e   t e s t .  

The  r e s u l t s   a r e   as   shown  in  T a b l e   1 .  







In  Nos .   3  t h r o u g h   8,  t h e   p l a t i n g   r a t e   w a s  

a b o u t   0 . 5   t o   3 .0   p m / h r   and  t h e   p l a t i n g   s o l u t i o n s   w e r e  

r e m a r k a b l y   s t a b l e   d u r i n g   t h e   p l a t i n g .   F u r t h e r ,   t h e r e   w a s  

n o t   a d m i t t e d   a  t e n d e n c y   to   d e c o m p o s e   t h e   p l a t i n g   s o l u t i o n s ,  

s a i d   t e n d e n c y   b e i n g   i n h e r e n t   to   t h e   e l e c t r o l e s s   c o p p e r  

p l a t i n g   s o l u t i o n .   The  r e s u l t i n g   p l a t e d   f i l m s   of  Nos .   3 

to  8  w e r e   e x c e l l e n t   in  g l o s s   of  m e t a l l i c   c o p p e r   as  w e l l  

as  in  m e c h a n i c a l   p r o p e r t i e s .   T e n s i l e   s t r e n g t h   m e a s u r e d  

by  u s i n g   a  t e n s i l e   t e s t e r   was  50  kg/mm2  or  more   a n d  

e l o n g a t i o n   4%  or  m o r e .   T h e s e   p r o p e r t i e s   c o r r e s p o n d   t o  

t h o s e   ( t e n s i l e   s t r e n g t h   5 0  -   65  k g / m m 2 ,   e l o n g a t i o n   4  -   6%) 



of  e l e c t r o d e p o s i t e d   c o p p e r   f i l m s ,   p a r t i c u l a r l y   t h o s e  

o b t a i n e d   by  u s i n g   a  p y r o p h o s p h o r i c   a c i d - c o p p e r   b a t h .  

F u r t h e r ,   t h e   p l a t i n g   s o l u t i o n s   of  N o s .   3  to   8  w e r e  

r e m a r k a b l y   s t a b l e   a f t e r   c o n t i n u o u s   100  h o u r s '   o p e r a t i o n  

w i t h o u t   c a u s i n g   a b n o r m a l   d e p o s i t i o n .  

As  i s   c l e a r   f r o m   t h e   r e s u l t s   in   T a b l e   1,  t h e  

a d d i n g   a m o u n t   (or   c o n t e n t )   of  s o d i u m   m e t a s i l i c a t e  

n e c e s s a r y   f o r   g i v i n g   s u c h   e x c e l l e n t   p r o p e r t i e s   i s   3  t o  

30  m m o l e / i   in   t e r m s   of  Si  a tom  (85  t o   850  m g / i   as  S i ) .  

On  t h e   o t h e r   h a n d ,   in   t h e   c a s e   of  No.  10,   s i n c e  

t h e   s i l i c o n   i o n s   t o   be  a d s o r b e d   on  t h e   r e a c t i o n   a r e a  

a r e   p r e s e n t   in   e x c e s s ,   t h e   p l a t i n g   r e a c t i o n   was  i n h i b i t e d  

to   fo rm  no  p l a t e d   f i l m .   In  t h e   c a s e   of  Nos .   1  a n d   2 

w h e r e i n   t h e   s i l i c o n   c o m p o u n d   was  u s e d   in   a  t o o   s m a l l  

a m o u n t   or  n o t   u s e d ,   m e c h a n i c a l   p r o p e r t i e s   of  t h e   p l a t e d  

f i l m s   a r e   n o t   g o o d   ( t e n s i l e   s t r e n g t h   l e s s   t h a n   50  k g / m m 2 ,  

e l o n g a t i o n   6  -   8%)  and  t h e r e   t o o k   p l a c e   a b n o r m a l   d e p o s i t i o n  

d u r i n g   100  h o u r s '   c o n t i n u o u s   o p e r a t i o n .  

As  m e n t i o n e d   a b o v e ,   by  a d j u s t i n g   t h e   c o n t e n t  

of  Si  c o m p o u n d   in   a  s u i t a b l e   a m o u n t ,  m e c h a n i c a l   p r o -  

p e r t i e s   of  t h e   r e s u l t i n g   p l a t e d   f i l m s   can   be  i m p r o v e d   a n d  

t h e   s t a b i l i t y   of   t h e   p l a t i n g   s o l u t i o n   can   a l s o   b e  

i m p r o v e d .  

F u r t h e r ,   t h e   u s e   of  a m i n e   s e r i e s   e t h o x y  

s u r f a c e   a c t i v e   a g e n t s   a r e   p r e f e r a b l e   when  a  Si  c o m p o u n d  

i s   u s e d ,   as  shown  in  T a b l e   1.  In  a d d i t i o n ,   a  p h e n a n t h r o l i n e  

d e r i v a t i v e   s u c h   as  n e o c u p r o i n e   ( 2 , 9 - d i m e t h y l - 1 , 1 0 -  

p h e n a n t h r o l i n e )   h a s   t h e   same  e f f e c t   as   a , a ' - d i p y r i d y l   a s  



t h e   c o p p e r ( I )   i on   c o m p l e x i n g   a g e n t .  

E x a m p l e   2 

U s i n g   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n s   a s  

shown  in  T a b l e   2,  Nos .   11  to   20,  e l e c t r o l e s s   c o p p e r  

p l a t i n g   was  c o n d u c t e d   in   t h e   same  m a n n e r   as  d e s c r i b e d   i n  

E x a m p l e   1.  P l a t e d   f i l m s   t h u s   o b t a i n e d   had   p r o p e r t i e s  

as  shown  in  T a b l e   2 .  







The  p l a t e d   f i l m s   o b t a i n e d   in   Nos .   13  to   19  h a d  

e x c e l l e n t   m e t a l l i c   g l o s s   and   h i g h   m e c h a n i c a l   p r o p e r t i e s  

c o r r e s p o n d i n g   to   t h o s e   of  e l e c t r o d e p o s i t e d   c o p p e r   f i l m s .  

The  c o n t e n t   of  s o d i u m   o r t h o s i l i c a t e   in   Nos .   13  to   19  w a s  

3  to   30  m m o l e / l   in  t e r m s   of  Si  a t o m ,   w h i c h   v a l u e s   a r e  

t h e   same  as  in  E x a m p l e   1.  F u r t h e r ,   t h e   c o m b i n a t i o n   o f  

a , a ' - d i p y r i d y l   or  p h e n a n t h r o l i n e   or  a  d e r i v a t i v e   t h e r e o f  

and   an  a m i n e   s e r i e s   e t h o x y   s u r f a c e   a c t i v e   a g e n t   w a s  

e f f e c t i v e   f o r   i m p r o v i n g   b o t h   t h e   e l o n g a t i o n   and  t e n s i l e  

s t r e n g t h .   F u r t h e r ,   t h e   p l a t i n g   s o l u t i o n s   of  Nos.   13  t o  

19  w e r e   r e m a r k a b l y   s t a b l e   a f t e r   c o n t i n u o u s   100  h o u r s '  

o p e r a t i o n   w i t h o u t   c a u s i n g   a b n o r m a l   d e p o s i t i o n .  

T h e r e f o r e ,   t h e   e l e c t r o l e s s   c o p p e r   p l a t i n g  

s o l u t i o n s   of  Nos .   13  to   19  a r e   s u i t a b l e   f o r   p r a c t i c a l   u s e .  

E x a m p l e   3 

U s i n g   e l e c t r o l e a s   c o p p e r   p l a t i n g   s o l u t i o n s   a s  



shown  in  T a b l e   3,  Nos .   21  to   24,  w h e r e i n   v a r i o u s   S i  

c o m p o u n d s   w h i c h   w e r e   n o t   d i s s o l v e d   r a p i d l y   in  t h e   p l a t i n g  

s o l u t i o n s   we re   u s e d   in  an  a m o u n t   of  10  g / l ,   e l e c t r o l e s s  

c o p p e r   p l a t i n g   was  c o n d u c t e d   in  t h e   same  m a n n e r   a s  

d e s c r i b e d   in  E x a m p l e   1.  In  o r d e r   to   d i s s o l v e   t h e   S i  

c o m p o u n d s ,   e a c h   Si  c o m p o u n d   was  p l a c e d   in   a  f i l t e r   c h a m b e r  

made  of  p o l y p r o p y l e n e   and  e a c h   p l a t i n g   s o l u t i o n   h e a t e d  

a t   70°C  was  r e c y c l e d   t h r o u g h   t h e   f i l t e r   c h a m b e r   f o r   5 

to   50  h o u r s   to   d i s s o l v e   t h e   Si  c o m p o u n d .  

P l a t e d   f i l m s   t h u s   o b t a i n e d   had   e x c e l l e n t   p r o -  

p e r t i e s   as  shown  in  T a b l e   3.  A l l   t h e   p l a t i n g   s o l u t i o n s  

w e r e   r e m a r k a b l y   s t a b l e   a f t e r   c o n t i n u o u s   100  h o u r s '   o p e r a -  

t i o n   w i t h o u t   c a u s i n g   a b n o r m a l   d e p o s i t i o n .  





E x a m p l e   4 

U s i n g   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n s   a s  

shown  in  T a b l e   4,  Nos .   25  t o   29,   e l e c t r o l e s s   c o p p e r   p l a t i n g  

was  c o n d u c t e d   in  t he   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e  

1 .  

P l a t e d   f i l m s   o b t a i n e d   by  u s i n g   t h e   p l a t i n g  

s o l u t i o n   Nos .   26  to  28  h a d   e x c e l l e n t   m e t a l l i c   g l o s s   a s  

w e l l   as   m e c h a n i c a l   p r o p e r t i e s ,   t e n s i l e   s t r e n g t h   m o r e  

t h a n   50  kg/mm2  and  e l o n g a t i o n   4%  or  m o r e .  

G e r m a n i u m   o x i d e   a d d e d   t o   t h e   p l a t i n g   s o l u t i o n s  

was  e a s i l y   d i s s o l v e d   due  to   a l k a l i n i t y   to   p r o b a b l y   g i v e  

g e r m a n a t e   i o n s   s u c h   as  [ G e O ( O H ) 3 ] @ ,   [ G e O 2 ( O H ) 2 ] 2 - ,  

{ [ G e ( O H ) 4 ] 8 ( O H ) 3 } 3 - , . e t c .   T h e s e   i o n s   seem  to   be  a l s o  

e f f e c t i v e   f o r   i m p r o v i n g   m e c h a n i c a l   p r o p e r t i e s   of  p l a t e d  

f i l m s   and   p r e v e n t i n g   a b n o r m a l   d e p o s i t i o n   d u r i n g   a  l o n g  

p e r i o d   of  p l a t i n g   l i k e   s i l i c a t e   i o n s .  

The  m o s t   e f f e c t i v e   c o n c e n t r a t i o n   of  g e r m a n i u m  

c o m p o u n d   in  t h e   p l a t i n g   s o l u t i o n   i s   3  to   30  m m o l e / Z  

as  shown  in  T a b l e   4  as  in   t h e   c a s e   of  Si  c o m p o u n d s .  





E x a m p l e   5 

U s i n g   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n s   a s  

shown  in  T a b l e   5,  Nos .   30  to   33,   e l e c t r o l e s s   c o p p e r   p l a t i n g  

was  c o n d u c t e d   in  t h e   same  m a n n e r   as   d e s c r i b e d   in  E x a m p l e  

1.  As  shown  in  T a b l e   5,  v a r i o u s   c o p p e r ( I )   ion   c o m p l e x i n g  

a g e n t s ,   s u r f a c e   a c t i v e   a g e n t s   and  Si   or  Ge  c o m p o u n d s   a l o n e  

or   in  c o m b i n a t i o n   w e r e   u s e d .  

The  r e s u l t i n g   p l a t e d   f i l m s   h a d   p r o p e r t i e s   a s  

shown  in  T a b l e   5.  As  i s   c l e a r   f r o m   T a b l e   5,  t h e   p l a t e d  

f i l m s   had   t h e   same  e x c e l l e n t   t e n s i l e   s t r e n g t h ,   e l o n g a t i o n  

and   t h e   p l a t i n g   s o l u t i o n   s t a b i l i t y   as  t h o s e   o b t a i n e d  

when  i n d i v i d u a l   c o m p o n e n t s   a r e   u s e d   a l o n e .  







E x a m p l e   6 

U s i n g   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n s   a s  

shown  in  T a b l e   6,  Nos .   34  t o   41 ,   e l e c t r o l e s s   c o p p e r  

p l a t i n g   was  c o n d u c t e d   in  t h e   same  m a n n e r   as  d e s c r i b e d  

in  E x a m p l e   1.  In  Nos.   34  t o   41,   c o m b i n a t i o n s   of  s u r f a c e  

a c t i v e   a g e n t s   A  to   D  and  Si   or   Ge  compound   w e r e   c h a n g e d .  

The  p l a t i n g   r a t e   was  a b o u t   0 . 5   to   3 .0   um/h r   in   Nos .   34  

to  41  and   t h e   p l a t i n g   s o l u t i o n s   w e r e   r e m a r k a b l y   s t a b l e  

d u r i n g   t h e   p l a t i n g .   F u r t h e r ,   t h e r e   was  n o t   a d m i t t e d   a  

t e n d e n c y   to   d e c o m p o s e   t h e   p l a t i n g   s o l u t i o n s ,   s a i d   t e n d e n c y  

b e i n g   i n h e r e n t   to   t h e   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n .  

The  r e s u l t i n g   p l a t e d   f i l m s   of  Nos .   34  to   4 1  

were   e x c e l l e n t   in  m e t a l l i c   c o p p e r   g l o s s   as  w e l l   as   i n  

m e c h a n i c a l   p r o p e r t i e s .   T e n s i l e   s t r e n g t h   was  50  k g / m m 2  

or  more   and  e l o n g a t i o n   4%  or   m o r e .  







C o m p a r a t i v e   E x a m p l e   1 

U s i n g   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n s   a s  

shown  in  T a b l e   7,  Nos .   42  t o   46 ,   e l e c t r o l e s s   c o p p e r   p l a t i n g  

was  c o n d u c t e d   in   t h e   same  m a n n e r   as   d e s c r i b e d   in   E x a m p l e   1 .  

In  Nos .   42  to   45,   a l t h o u g h   s o d i u m   m e t a s i l i c a t e   w a s  

c o n t a i n e d   in   a m o u n t s   o f  3   to   10  m m o l e / i ,   s u r f a c e   a c t i v e  

a g e n t s   u s e d   w e r e   n o t   s u i t a b l e   f o r   t h i s   i n v e n t i o n .   No.  46  

d i d   n o t   c o n t a i n   Si  c o m p o u n d .  

The  r e s u l t s   we re   as  shown  in  T a b l e   7 .  

When  t h e   s u r f a c e   a c t i v e   a g e n t s   a r e   d i f f e r e n t  

f rom  t h o s e   u s a b l e   in  t h i s   i n v e n t i o n   as  shown  in   Nos .   4 2  



and  43,  t h e   e l o n g a t i o n   of  t h e   p l a t e d   f i l m s   i s   p o o r .   W h e n  

a  p h o s p h o r i c   a c i d   e s t e r   s e r i e s   s u r f a c e   a c t i v e   a g e n t  

i s   u s e d   as  in  No.  44,   t he   p l a t i n g   r e a c t i o n   i s   s t o p p e d ,  

a l t h o u g h   s a i d   s u r f a c e   a c t i v e   a g e n t   c o n t a i n s   a  p o l y -  

o x y e t h y l e n e   g r o u p .   The  s t o p p a g e   of  p l a t i n g   r e a c t i o n  

seems   to   be  t h e   e x c e s s   a d s o r p t i o n   f o r c e   of  t h e   a d d e d  

c o m p o n e n t .   When  SH-192   was  u s e d   as  s u r f a c e   a c t i v e   a g e n t  

as  in  No.  45 ,   no  e f f e c t   of  t h i s   i n v e n t i o n   was  e x h i b i t e d .  

F u r t h e r ,   when  no  Si  c o m p o u n d   was  a d d e d   as  in  No.  4 6 ,  

m e c h a n i c a l   p r o p e r t i e s   w e r e   n o t   i m p r o v e d   a t   a l l .  





C o m p a r a t i v e   E x a m p l e   2 

U s i n g   e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n s  

as  shown  in  T a b l e   8,  Nos .   47  to   49 ,   e l e c t r o l e s s   c o p p e r  

p l a t i n g   was  c o n d u c t e d   in  t h e   same  m a n n e r   as   d e s c r i b e d   i n  

E x a m p l e   1 .  

The  r e s u l t s   w e r e   shown  in  T a b l e   8 .  

When  no  Si  or  Ge  c o m p o u n d   i s   u s e d   as   in  No.  4 7 ,  

t h e   p l a t e d   f i l m   i s   p o o r   in  m e c h a n i c a l   p r o p e r t i e s .   When  

no  s u r f a c e   a c t i v e   a g e n t   i s   u s e d   as  in  No.  48,   t h e  

s t a b i l i t y   of  t h e   p l a t i n g   s o l u t i o n   i s   i n s u f f i c i e n t   e v e n   i f  

a  Si  c o m p o u n d   i s   c o n t a i n e d ,   so  t h a t   t h e   p l a t i n g   s o l u t i o n  

i s   d e c o m p o s e d   and  no  p l a t e d   f i l m   i s   o b t a i n e d .   When  b o t h  



a  s u r f a c e   a c t i v e   a g e n t   and  a  Si  or  Ge  c o m p o u n d   a r e   n o t  

c o n t a i n e d   in  t h e   p l a t i n g   s o l u t i o n   as   in   No.  49,  t h e  

d e g r e e   of  d e c o m p o s i t i o n   of  t h e   p l a t i n g   s o l u t i o n   b e c o m e s  

g r e a t e r .  





E x a m p l e   7 

To  an  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n  

c o m p r i s i n g :  

s o d i u m   s u l f a t e   and  s o d i u m   f o r m a t e   as  b u i l d - u p   c o m p o n e n t  

in  t h e   p l a t i n g   s o l u t i o n   w e r e   a d d e d   in  v a r i o u s   c o n c e n t r a -  

t i o n s   to   m e a s u r e   c h a n g e s   of  c l o u d   p o i n t s   of  t h e   p l a t i n g  

s o l u t i o n .   As  t h e   p o l y o x y e t h y l e n e   s e r i e s   n o n i o n i c  

s u r f a c e   a c t i v e   a g e n t ,   p o l y e t h y l e n e   g l y c o l   s t e a r y l a m i n e  

was  u s e d .   The  t e m p e r a t u r e   a t   w h i c h   p o l y e t h y l e n e   g l y c o l  

s t e a r y l a m i n e   a g g l o m e r a t e s   was   d e f i n e d   as  a  c l o u d   p o i n t  

of  p l a t i n g   s o l u t i o n .   The  c l o u d   p o i n t s   of  t h e   p l a t i n g  

s o l u t i o n s   w e r e   m e a s u r e d   and  l i s t e d   in  T a b l e   9 .  



As  i s   c l e a r   f r o m   T a b l e   9,  t h e   c l o u d   p o i n t  

d e c r e a s e s   l i n e a r l y   w i t h   an  i n c r e a s e   of  a d d i n g   a m o u n t s   o f  

s o d i u m   s u l f a t e   and   s o d i u m   f o r m a t e .  

N e x t ,   t h e   e f f e c t   of  v a r i o u s   i n o n i c   s u r f a c e  

a c t i v e   a g e n t s   on  t h e   i n c r e a s e   of  c l o u d   p o i n t   of  p l a t i n g  

s o l u t i o n   was  e x a m i n e d   by  u s i n g   t h e   a b o v e - m e n t i o n e d   p l a t i n g  

s o l u t i o n   f u r t h e r   c o n t a i n i n g   2 8 . 0   g / l   of  s o d i u m   s u l f a t e  

(SO42-   c o n c e n t r a t i o n   in   t h e   p l a t i n g   s o l u t i o n :   l 1 2   g / l )  

and   2 0 . 4   g / l   of  s o d i u m   f o r m a t e   (HCOO  c o n c e n t r a t i o n   i n  

t h e   p l a t i n g   s o l u t i o n :   102  g / l ) .   The  r e s u l t s   a r e   s h o w n  

in   t h e   a t t a c h e d   d r a w i n g .   As  i s   c l e a r   f rom  t h e   d r a w i n g ,  

t h e   e f f e c t   of  i n c r e a s i n g   t h e   c l o u d   p o i n t   of  p l a t i n g  

s o l u t i o n   i s   m o s t   r e m a r k a b l e   in  t h e   c a s e   of  c a t i o n i c   s u r f a c e  

a c t i v e   a g e n t s   ( t h e   c u r v e   A  =  c e t y l t r i m e t h y l a m m o n i u m  

c h l o r i d e ,   t h e   c u r v e   B  =  d o d e c y l p y r i d i n i u m   c h l o r i d e ) ,  

n e x t   e f f e c t i v e   in   t h e   c a s e   of  a m p h o t e r i c   s u r f a c e   a c t i v e  



a g e n t s   ( t h e   c u r v e   D  =  s t e a r y l   b e t a i n e ) ,   and  s l i g h t l y  

e f f e c t i v e   in   t h e   c a s e   of  a n i o n i c   s u r f a c e   a c t i v e   a g e n t s  

( t h e   c u r v e   C  =  d o d e c y l b e n z e n e   s u l f o n a t e ,   t h e   c u r v e   E  = 

s u l f o s u c c i n i c   a c i d   e s t e r ,   t h e   c u r v e   F  =  s o d i u m   p o l y o x y -  

e t h y l e n e   l a u r y l s u l f a t e ) .  

In  t h e   n e x t   p l a c e ,   i n f l u e n c e s   of  v a r i o u s   p o l y -  

o x y e t h y l e n e   s e r i e s   n o n i o n i c   s u r f a c e   a c t i v e   a g e n t s   o n  

t h e   i n c r e a s i n g   e f f e c t   of  c e t y l t r i m e t h y l a m m o n i u m   c h l o r i d e  

on  t h e   c l o u d   p o i n t   w e r e   e x a m i n e d   by  u s i n g   t h e   a b o v e -  

m e n t i o n e d   p l a t i n g   s o l u t i o n   f u r t h e r   c o n t a i n i n g   50  m g / l   o f  

c e t y l t r i m e t h y l a m m o n i u m   c h l o r i d e ,   2 8 . 0   g / i   of  s o d i u m  

s u l f a t e   and   2 0 . 4   g / l   of  s o d i u m   f o r m a t e .  

The  r e s u l t s   a r e   shown  in   T a b l e   1 0 .  



As  i s   c l e a r   f r o m   T a b l e   10,   t h e   c l o u d   p o i n t   i s  

i n c r e a s e d   in  a l l   t h e   c a s e s   i r r e s p e c t i v e   of  t h e   k i n d s   o f  

p o l y o x y e t h y l e n e   s e r i e s   n o n i o n i c   s u r f a c e   a c t i v e   a g e n t s .  

E x a m p l e   8 

An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   w a s  

p r e p a r e d   by  a d d i n g   50  mg  of  c e t y l t r i m e t h y l a m m o n i u m  

c h l o r i d e   to   1  l i t e r   of  t h e   f o l l o w i n g   c o m p o s i t i o n :  

E l e c t r o l e s s   c o p p e r   p l a t i n g   was  c o n d u c t e d   i n  

t h e   same  m a n n e r   as   d e s c r i b e d   in  E x a m p l e   1.  Even  w h e n  

t h e   t o t a l   p l a t i n g   t i m e   r e a c h e d   100  h o u r s ,   f o a m i n g   p r o -  

p e r t i e s   of  t h e   p l a t i n g   s o l u t i o n   was  s t i l l   a d m i t t e d   ( t h e  

e f f e c t   of  t h e   s u r f a c e   a c t i v e   a g e n t   r e m a i n i n g )   and  n o  

a b n o r m a l   d e p o s i t i o n   ( c o p p e r   d e p o s i t i o n   on  o u t s i d e   t h e  



d e s i r e d   p o r t i o n   of  an  i n s u l a t i n g   m a t e r i a l )   was  n o t   a d m i t -  

t e d .  

The  r e s u l t i n g   p l a t e d   f i l m   a t   t h e   i n i t a l   s t a g e  

had   e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s ,   i . e . ,   t e n s i l e  

s t r e n g t h   of  52  kg/mm2  and  e l o n g a t i o n   of  6%. 

E x a m p l e   9 

U s i n g   t h e   a b o v e - m e n t i o n e d   e l e c t r o l e s s   c o p p e r  

p l a t i n g   s o l u t i o n ,   e l e c t r o l e s s   c o p p e r   p l a t i n g   was  c o n d u c t e d  

f o r   120  h o u r s   in  t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1 ,  

b u t   no  a b n o r m a l   d e p o s i t i o n   was  a d m i t t e d .  

The  r e s u l t i n g   p l a t e d   f i l m   a t   t h e   i n i t a l   s t a g e  

had   e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s ,   i . e . ,   t e n s i l e  

s t r e n g t h   of  55  kg/mm2  and  e l o n g a t i o n   of  4%. 

E x a m p l e   10 



U s i n g   t h e   a b o v e - m e n t i o n e d   e l e c t r o l e s s   c o p p e r  

p l a t i n g   s o l u t i o n ,   e l e c t r o l e s s   c o p p e r   p l a t i n g   was  c o n d u c t e d  

f o r   120  h o u r s   in  t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e  

1,  b u t   no  a b n o r m a l   d e p o s i t i o n   was  a d m i t t e d ,   s i n c e   a  

m i x t u r e   of  two  k i n d s   of  c a t i o n i c   s u r f a c e   a c t i v e   a g e n t s  

w e r e   u s e d .  

The  r e s u l t i n g   p l a t e d   f i l m   h a d   e x c e l l e n t  

m e c h a n i c a l   p r o p e r t i e s ,   i . e . ,   t e n s i l e   s t r e n g t h   of  52  k g / m m 2  

and   e l o n g a t i o n   of  5%. 

E x a m p l e   1 1  



U s i n g   t h e   a b o v e - m e n t i o n e d   e l e c t r o l e s s   c o p p e r  

p l a t i n g   s o l u t i o n ,   e l e c t r o l e s s   c o p p e r   p l a t i n g   was  c o n d u c t e d  

f o r   120  h o u r s   in  t h e   same  m a n n e r   as   d e s c r i b e d   in   E x a m p l e   1 ,  

b u t   no  a b n o r m a l   d e p o s i t i o n   was  a d m i t t e d ,   s i n c e   t w o  

k i n d s   of  n o n i o n i c   p o l y o x y e t h y l e n e   s u r f a c e   a c t i v e   a g e n t s  

and  a  c a t i o n i c   s u r f a c e   a c t i v e   a g e n t   w e r e   c o - u s e d .  

The  r e s u l t i n g   p l a t e d   f i l m   had   e x c e l l e n t  

m e c h a n i c a l   p r o p e r t i e s ,   i . e . ,   t e n s i l e   s t r e n g t h   of  55  k g / m m 2  

and  e l o n g a t i o n   of  5%. 

E x a m p l e   1 2  

[I]   C o m p o s i t i o n   o f  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n  



[ I I ]   C o n d i t i o n s   of  p l a t i n g  

( i )   p l a t i n g   t e m p e r a t u r e :   7 0 ° C  

( i i )   p l a t i n g   l o a d   f a c t o r :   100  c m 2 / l  

( i i i )   v o l u m e   of  p l a t i n g   t a n k :   50  l i t e r s  

[ I I I ]   E x p e r i m e n t a l   m e t h o d  

In  o r d e r   to   know  i n f l u e n c e s   of  s u b s t a n c e s  

d i s s o l v e d   i n t o   t h e   p l a t i n g   s o l u t i o n   f r o m   a  s u b s t r a t e   f o r  

p r i n t e d   w i r i n g   b o a r d ,   a  s u b s t r a t e   made  f r o m   an  e p o x y   r e s i n  

( t h i c k n e s s   1 .6   mm,  no  c o p p e r   f o i l   on  b o t h   s i d e s )   was  u s e d .  

A  s t a i n l e s s   s t e e l   p l a t e   and  t h e   e p o x y   r e s i n  

s u b s t r a t e   w e r e   d i p p e d   in  t h e   p l a t i n g   s o l u t i o n   a t   100  c m 2 / l  

a n d  e l e c t r o l e s s   c o p p e r   p l a t i n g   was  c o n d u c t e d   on  t h e  

s t a i n l e s s   s t e e l   p l a t e ,   w h i l e   d i s s o l u t i o n   of  t h e   e p o x y  

r e s i n   s u b s t r a t e   i n t o   t h e   p l a t i n g   s o l u t i o n   was  c a r r i e d  

o u t   a t   t h e   same  t i m e .  

A f t e r   p l a t i n g   to   t h e   t h i c k n e s s   of  35  um,  t h e  

p l a t e d   f i l m   was  p e e l e d   o f f   f r o m   t h e   s t a i n l e s s   s t e e l  

p l a t e   and  c u t   i n t o   a  s i z e   of  1  x  10  cm.  M e c h a n i c a l  

p r o p e r t i e s   of  t h e   p l a t e d   f i l m   w e r e   m e a s u r e d   by  u s i n g   a  

t e n s i l e   t e s t e r   by  a  c o n v e n t i o n a l   m e t h o d .  

The  n u m b e r   of  p l a t i n g   m e a n s   t h e   n u m b e r   o f  

r e p e a t i n g   so  as  to   make  t h e   t h i c k n e s s   35  µm  a t   t h e   p l a t i n g  

l o a d   f a c t o r   of  100  c m 2 / l .  

Wi th   t h e   p r o g r e s s   of  p l a t i n g ,   t h e   c o n c e n t r a t i o n s  



of  p l a t i n g   r e a c t i o n   c o m p o n e n t s   in   t h e   p l a t i n g   s o l u t i o n  

w e r e   d e c r e a s e d .   Bu t   t h e   c o n c e n t r a t i o n s   of  t h e s e   c o m p o -  

n e n t s   w e r e   a l w a y s   m a i n t a i n e d   c o n s t a n t   by  m e a n s   o f  

a u t o m a t i c   a n a l y s i s   of  t h e s e   c o n c e n t r a t i o n s   and   a u t o m a t i c  

s u p p l e m e n t   of  c o n s u m e d   c o m p o n e n t s .  

T e n s i l e   s t r e n g t h   of  r e s u l t i n g   p l a t e d   f i l m   w a s  

m e a s u r e d   and   l i s t e d   in  T a b l e   1 1 - 1 .  

S i n c e   s u b s t a n c e s   d i s s o l v e d   f r o m   t h e   e p o x y   r e s i n  

s u b s t r a t e   made   t h e   p l a t i n g   s o l u t i o n   u n s t a b l e   and  t h e  

t e n s i l e   s t r e n g t h   of  t h e   r e s u l t i n g   p l a t e d   f i l m s   w a s  

l o w e r e d   as  shown  in   T a b l e   1 1 - 1 ,   t h e   e l e c t r o l e s s   p l a t i n g  

was  s t o p p e d   a t   t h e   f i f t h   p l a t i n g .  

On  t h e   o t h e r   h a n d ,   when  t h e   f o l l o w i n g   c a t i o n i c  

s u r f a c e   a c t i v e   a g e n t ,   i . e .  

h e x a d e c y l t r i m e t h y l a m m o n i u m   b r o m i d e :   1 . 4   x  1 0 - 4   m o l e / t  
[ C 1 6 H 3 3 N ( C H 3 ) 3 ] B r  

was  a d d e d   to   t h e   same  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n  

as  m e n t i o n e d   a b o v e ,   e l e c t r o l e s s   c o p p e r   p l a t i n g   w a s  

a b l e   to   be  r e p e a t e d   10  t i m e s   ( a b o u t   150  h o u r s )   e v e n   i f  

t h e   e p o x y   r e s i n   s u b s t r a t e   was  d i p p e d   in   t h e   p l a t i n g  

s o l u t i o n .  



The  r e s u l t s   a r e   shown  in  T a b l e   1 1 - 2 .  

As  i s   c l e a r   f r o m   T a b l e   1 1 - 2 ,   t he   p l a t e d   f i l m  

o b t a i n e d   a t   t h e   f i r s t   p l a t i n g   had   t e n s i l e   s t r e n g t h   o f  

61  kg/mm2  and   e l o n g a t i o n   of  4%  as  w e l l   as  m i r r o r - l i k e  

g l o s s .   I t   i s   a  v e r y   s u r p r i s i n g   t h i n g   t h a t   no  d e p o s i t i o n  

on  t h e   w a l l s   of  t h e   p l a t i n g   t a n k   t o o k   p l a c e   even   a f t e r  

1 0  t i m e s   p l a t i n g   ( a b o u t   150  h o u r s '   p l a t i n g ) .  

T h i s   c l e a r l y   m e a n s   t h a t   t h e   c a t i o n i c   s u r f a c e  

a c t i v e   a g e n t   i s   e f f e c t i v e   f o r   p r e v e n t i n g   t h e   p l a t i n g  

s o l u t i o n   f rom  t h e   i n f l u e n c e s   of  s u b s t a n c e s   d i s s o l v e d   o u t  

of  t h e   e p o x y   r e s i n   s u b s t r a t e .  

The  same  e f f e c t   as  m e n t i o n e d   a b o v e   was  i d e n t i f i e d  

when  a  p l a t i n g   t a n k   h a v i n g   a  v o l u m e   of  5000  l i t e r s   w a s  

u s e d .   T h a t   i s ,   even   a f t e r   r e p e a t i n g   t h e   e l e c t r o l e s s  

c o p p e r   p l a t i n g   10  t i m e s ,   t h e   r e s u l t i n g   p l a t e d   f i l m   h a d  

e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s ,   i . e . ,   t e n s i l e   s t r e n g t h  

of  56  kg/mm2  and  e l o n g a t i o n   of  6%. 

E x a m p l e   1 3  

The  p r o c e s s   of  E x a m p l e   12  u s i n g   t h e   c a t i o n i c  



s u r f a c e   a c t i v e   a g e n t   was  r e p e a t e d   e x c e p t   f o r   u s i n g   S i ,  

Ge  or  V  c o m p o u n d   in  a m o u n t s   as   l i s t e d   in   T a b l e   1 2 .  

The  r e s u l t s   a r e   as   shown  in  T a b l e   1 2 .  

As  i s   c l e a r   f rom  T a b l e   12,   e x c e l l e n t   r e s u l t s  

a r e   o b t a i n e d   in   t h e   p o r t i o n s   m a r k e d   w i t h   o .  

E x a m p l e   1 4  

The  p r o c e s s   of  E x a m p l e   12  u s i n g   t h e   c a t i o n i c  

s u r f a c e   a c t i v e   a g e n t   was  r e p e a t e d   e x c e p t   f o r   u s i n g  

c a t i o n i c   s u r f a c e   a c t i v e   a g e n t s   as  l i s t e d   in   T a b l e   13  i n  

p l a c e   of  h e x a d e c y l t r i m e t h y l a m m o n i u m   b r o m i d e .  



The  r e s u l t s   a r e   as  shown  in  T a b l e   1 3 .  

As  is   c l e a r   f rom  T a b l e   13,  e x c e l l e n t   r e s u l t s  

a r e   o b t a i n e d   in  t he   p o r t i o n s   m a r k e d   w i t h   o .  

E x a m p l e   1 5  

The  p r o c e s s   of  Example   12  u s i n g   the   c a t i o n i c  

s u r f a c e   a c t i v e   a g e n t   was  r e p e a t e d   e x c e p t   fo r   u s i n g   p o l y o x y -  

e t h y l e n e   s e r i e s   n o n i o n i c   s u r f a c e   a c t i v e   a g e n t s   as  l i s t e d  

in  T a b l e   14  were  u s e d   in  p l a c e   of  p o l y e t h y l e n e   g l y c o l  

s t e a r y l a m i n e .  

The  r e s u l t s   a r e   as  shown  in  Tab le   1 4 .  



As  i s   c l e a r   f rom  T a b l e   14,  e x c e l l e n t   r e s u l t s  

a r e   o b t a i n e d   in  t h e   p o r t i o n s   m a r k e d   w i t h   o .  

C o m p a r a t i v e   E x a m p l e   3 

U s i n g   t h e   f o l l o w i n g   e l e c t r o l e s s   c o p p e r   p l a t i n g  

s o l u t i o n ,   e l e c t r o l e s s   c o p p e r   p l a t i n g   was  c o n d u c t e d   i n  

t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1 2 .  

A b n o r m a l   d e p o s i t i o n   t o o k   p l a c e   a f t e r   a b o u t  



50  h o u r s '   c o n t i n u o u s   p l a t i n g ;   t h a t   i s ,   t h e   s t a b i l i t y  

of  t h e   p l a t i n g   s o l u t i o n   was  n o t   g o o d .  



1.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   c o m p r i s -  

i n g :  

(a)  c o p p e r   i o n s ,  

(b)  a  c o p p e r ( I I )   ion   c o m p l e x i n g   a g e n t ,  

(c)  a  r e d u c i n g   a g e n t ,  

(d)  a  pH   a d j u s t o r ,  

(e)  a  p o l y o x y e t h y l e n e   s e r i e s   s u r f a c e   a c t i v e   a g e n t ,  

(f)   a  c o p p e r ( I )   ion   c o m p l e x i n g   a g e n t ,   a n d  

( g ) ( i )   an  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n   or  g e r m a n i u m ,   o r  

( i i )   a  c a t i o n i c   s u r f a c e   a c t i v e   a g e n t ,   o r  

( i i i )   an  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n ,   g e r m a n i u m   or  v a n a d i u m   and  a  c a t i o n i c   s u r f a c e  

a c t i v e   a g e n t .  

2.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

to  C l a i m   1,  w h e r e i n   t h e   c o m p o n e n t   (g)  i s  

( i)   an  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n   or  g e r m a n i u m   in  an  a m o u n t   of  2  m m o l e / l   or  m o r e  

in  t e r m s   of  s i l i c o n   or  g e r m a n i u m   a t o m .  

3.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

to  C l a i m   1,  w h e r e i n   t h e   c o m p o n e n t   (g)  i s  

( i i )   a  c a t i o n i c   s u r f a c e   a c t i v e   a g e n t .  

4.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

to   C l a i m   1,  w h e r e i n   t h e   c o m p o n e n t   (g)  i s  

( i i i )   an  i n o r g a n i c   c o m p o u n d   c o n t a i n i n g   a t   l e a s t  

s i l i c o n ,   g e r m a n i u m   or  v a n a d i u m   in  an  a m o u n t   of  2  m m o l e / t  

or  more   in  t e r m s   of  s i l i c o n ,   g e r m a n i u m   or  v a n a d i u m   a t o m  



and   a  c a t i o n   s u r f a c e   a c t i v e   a g e n t .  

5.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

to   C l a i m   2,  w h e r e i n   t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n i n g  

a t   l e a s t   s i l i c o n   or  g e r m a n i u m   i s   u s e d   in  an  a m o u n t   o f  

3  to   30  m m o l e / i   in  t e r m s   of  s i l i c o n   or  g e r m a n i u m   a t o m .  

6.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

t o   C l a i m   2,  w h e r e i n   t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n i n g  

a t   l e a s t   s i l i c o n   or  g e r m a n i u m   i s   a t   l e a s t   one  m e m b e r  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   s i l i c o n ,   o r t h o -  

s i l i c a t e s ,   m e t a s i l i c a t e s ,   s i l i c o n   h y d r i d e ,   g e r m a n i u m ,  

g e r m a n i u m   o x i d e   and   g e r m a n i u m   h y d r i d e .  

7.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

t o   C l a i m   3,  w h e r e i n   t h e   c a t i o n i c   s u r f a c e   a c t i v e   a g e n t  

i s   u s e d   in   an  a m o u n t   of  0 . 0 2   to   2  m m o l e / l .  

8.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

to   C l a i m   3,  w h e r e i n   t h e   c a t i o n i c   s u r f a c e   a c t i v e   a g e n t  

i s   a t   l e a s t   one  m e m b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g  

of  q u a t e r n a r y   ammonium  s a l t s   and   p y r i d i n i u m   s a l t s .  

9.  An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

to   C l a i m   4,  w h e r e i n   t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n i n g  

a t   l e a s t   s i l i c o n ,   g e r m a n i u m   or  v a n a d i u m   i s   u s e d   in   a n  

a m o u n t   of  2  to   100  m m o l e / i   in  t e r m s   of  s i l i c o n ,   g e r m a n i u m  

or   v a n a d i u m   a t o m   and   t h e   c a t i o n i c   s u r f a c e   a c t i v e   a g e n t  

i s   u s e d   in  an  a m o u n t   of  0 . 0 2   to   2  m m o l e / l .  

10.   An  e l e c t r o l e s s   c o p p e r   p l a t i n g   s o l u t i o n   a c c o r d i n g  

to   C l a i m   4,  w h e r e i n   t h e   i n o r g a n i c   c o m p o u n d   c o n t a i n i n g  

a t   l e a s t   s i l i c o n ,   g e r m a n i u m   or  v a n a d i u m   i s   a t   l e a s t   o n e  

m e m b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of  s i l i c o n ,  



o r t h o s i l i c a t e s ,   m e t a s i l i c a t e s ,   s i l i c o n   h y d r i d e ,   g e r m a n i u m ,  

g e r m a n i u m   o x i d e ,   g e r m a n i u m   h y d r i d e ,   v a n a d i u m ,   v a n a d i u m  

o x i d e ,   and   m e t a v a n a d a t e s ,   and  t h e   c a t i o n   s u r f a c e   a c t i v e  

a g e n t   i s   a t   l e a s t   one  m e m b e r   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  q u a t e r n a r y   ammonium  s a l t s   and  p y r i d i n i u m  

s a l t s .  
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